The aim of this study, conducted during the 1997-2001 period in the Olsztyn Lakeland, was to determine the effect of soil type and land use in the catchment areas of small ponds, on the concentrations of nitrogen and phosphorus compounds, as well as calcium and potassium, in water. The concentrations of all the nutrients (except for nitrite ions) in the water of small ponds were found to be significantly correlated with the soil type dominating in the catchment area. The domination of loamy sands in the catchment areas of small ponds caused an increase in the concentrations of nitrates, phosphorus and potassium, while the domination of light silty loam caused an increase the calcium content of the water. The highest and lowest concentrations of phosphorus compounds and potassium were recorded in water from small ponds located in agricultural (arable land -AL, fallow -FA) and afforested catchments, respectively.
INTRODUCTION
One of the many features distinguishing small ponds from other bodies of water is their highly differentiated chemical composition. The chemical composition of water in small ponds is affected by a variety of factors, of which the key ones are related to the catchment area. Previous studies have shown that most nutrients are present in the largest amounts in water bodies whose catchments are used as arable land. Ponds with afforested catchment areas are characterized by the cleanest water (Koc et al. 1997; Solarska, Solarski 1993; Taylor et al. 1992 ). However, the most desirable type of vegetation cover in the catchment area is grassland, which most effectively prevents the migration of fertilizer components to water (Koc, Szyperek 2004; Ryszkowski et al. 1990 ).
Nutrient migration is related to the granulometric composition of soil as well as to the content of silt, clay, and colloids in soil. Generally, fertilized light soils with lower absorption capacity pose a more serious threat to surface waters, compared to heavy soils (Ilnicki 1992 , Ryszkowski 1992 . The outflow of nutrient compounds from the catchment area is highly dependent on the content of these substances (coming from rainfall and fertilizers) in the environment, as well as on the physiographic characteristics of the catchment, water relations, and weather conditions.
The aim of this study was to determine the effect of soil type and land use in the catchment areas of small ponds on the concentrations of nitrogen and phosphorus compounds as well as calcium and potassium in water, taking into account seasonal fluctuations in the content of the above mineral components.
MATERIALS AND METHODS
The study was conducted on six small ponds located near Olsztyn (Olsztyn Lakeland, northeast Poland). The catchment areas of the ponds are used for different purposes. Some of the ponds are situated in arable land, while other catchment areas represent a mixed type (grassland/forest GL/FO and arable land/fallow AL/FA). One pond is located in the forest (Table 1 ). The catchment areas differ also with respect to the predominant soil type (heavy loam, light silty loam, loamy sand, and loose sand). Another factor modifying the concentrations of biogenic elements in water was the seasonal character of the vegetation cover, which influenced water chemistry in particular seasons.
The study was carried out over the 1997 -2001 period. Water samples were taken every month. The following determinations were made: total nitrogen with the Kjeldahl method; N-NO 2 with colorimetry with sulfanilic acid; N-NO 3 with colorimetry and phenoldisulphonic acid; N-NH 4 by colorimetry with Nessler's solution, total phosphorus; P-PO 4 with the molybdate method, and potassium and calcium with atomic emission spectrometry (AES). The results of laboratory analysis were verified statistically by one-factor analysis of variance. The significance of differences between means was estimated by Duncan's test (at α<0.05).
RESULTS AND DISCUSSION
The chemical composition of surface waters undergoes numerous changes throughout the year. These changes are caused by a variety of environmental, biological and climate-related factors. Duncan's test (α<0.05) indicated that soil type and coherence had a significant effect on nutrient concentrations in the water of small ponds, with the exception of nitrite nitrogen (Fig. 1) . The highest mean concentrations of total nitrogen were recorded in ponds with heavy loam (hl) as the dominant soil type in the catchment area, and they were found to be significantly different only from the average content of this nutrient in ponds with catchment areas dominated by light silty loam (lsl). However, there were no such differences between lsl and loose sand (ls) in the case of total nitrogen. The most individualized distribution pattern of inter-group differences was observed for the ammonium ion content of water in small ponds. However, despite relatively high differences between means of groups, statistically significant differences were noted only between groups hl and ls and lsl as well as between groups lsl and hl and lms. The water of ponds formed on heavy loam (hl) contained over twofold more ammonia nitrogen (2.7 mg dm -3 ) than that of ponds with sandy catchments (1.1 mg dm -3 ), and over fivefold more than water of ponds with the domination of light silty loam (lsl) in the catchment area (0.4 mg dm -3 ). This results from the fact that light soils are characterized by increased nutrient migration, compared to more compact soils, due to higher water absorption and permeability and lower soil and biological sorption (Solarska, Solarski 1993; Ilnicki 1992) .
The highest concentrations of phosphorus compounds, nitrates, and potassium were recorded in small ponds with the domination of loamy sand (lms) in the catchment area. The mean concentrations of these nutrients in this soil group differed significantly from the other groups. Light silty loam (lsl) had a substantial effect on the calcium content of water in small ponds. Ponds formed on lsl had the highest mean calcium concentrations, statistically significantly different from those observed for other soil types. There were Fig. 1 . Relationship between water chemistry of small ponds and soil type in the catchment area. The same letters denote the means of a homogenous groups (that do not differ significantly) in Duncan's test at α <0.05. statistically significant differences in the concentrations of this nutrient between all tested soil groups (Fig. 1 ).
An important factor differentiating the nutrient content of surface and ground waters is catchment area management. Statistically significant differences were found in the mean concentrations of total phosphorus, phosphates, potassium and calcium in water of small ponds with catchment areas used for various purposes (Fig. 2) . Small ponds whose catchment areas represent a mixed type (AL/FA) were most abundant in phosphorus compounds and potassium, and these values differed statistically significantly from those in the other three groups. The water of small ponds with catchment areas used as arable land (AL) contained the greatest amounts of Ca. The lowest Ca concentrations were recorded in the mid-forest (FO) pond. Statistically   Fig. 2 . Relationship between water chemistry of small ponds and land use type in the catchment area. significant differences were observed between all groups. The water of the pond located in the forest had also the lowest concentrations of phosphorus compounds and potassium. The small ponds did not differ significantly in terms of total nitrogen content. Total nitrogen concentrations were not related to catchment area management, either. Land use affected the concentrations of ammonia nitrogen and nitrates, which were found to be the highest in a small pond whose catchment area represented the AL/FA type. The above tendencies correspond to the view that agricultural land use constitutes a major threat to water quality (Koc 2000; Koc et al. 1997; Müller et al. 1998; Rhazi et al. 2001; Szpakowska, Karlik 1997) . Statistically significant differences between particular catchment types were noted for nitrate nitrogen content only.
Based on the mean concentrations of phosphorus compounds, potassium and nitrate nitrogen in water of mid-field ponds, the types of land use in the catchment area were put in the following ascending order:
The range of nutrient concentrations between the first and last element of this series is very wide, increasing threefold in the case of total phosphorus, sixfold in that of phosphates and over sevenfold in that of potassium. However, these results do not confirm the hypothesis that the outflow of nutritive elements reaches the highest level in catchment areas used for agricultural purposes. In the tested sites, the surface flow of nutrients from arable land could be limited by dense stands of rushes or trees surrounding the ponds (Table 1) , which act as biogeochemical barriers (Ryszkowski et al. 1990; Koc 2002; Koc, Szyperek 2004; Życzyńska-Bałoniak et al. 2005) .
The nutrient content of water in small ponds showed seasonal variations. Duncan's test (α<0.05) revealed the presence of two groups that differed statistically in terms of concentrations of nitrate nitrogen, ammonia nitrogen, and potassium in the water of small ponds: 1) -winter, 2) -summer, fall and spring (Fig. 3) . The highest concentrations of phosphorus compounds were observed in the summer and fall, slightly lower in the winter, while the lowest were in the spring. There were statistically significant differences between the values recorded in the spring and in the other seasons. The calcium content of water in small ponds reached the highest level in the winter, and statistically significant differences were noted between the winter and summer/fall. Koc (2000) and Fiedler (2004) also reported that the concentrations of readilysoluble nutrients in the water of mid-field ponds were high in the winter. This results from the lack of nutrient uptake by plants in the catchment area over winter as well as from the utilization of nutrients stored in the bottom sediments of water bodies under anaerobic conditions typical of winter.
CONCLUSIONS
1. The domination of light soils (loamy sands) in the catchment areas of small ponds caused an increase in the concentrations of nitrates, phosphorus, and potassium, while the domination of light silty loam caused an increase in the calcium content of water. Water of small ponds formed on heavy loam contained over twofold more ammonia nitrogen than the water of ponds with sandy catchments and over fivefold more than the water of ponds with the domination of light silty loam in the catchment area. 2. The water of a mid-forest pond had the lowest nutrient concentrations (except for total and ammonia nitrogen). Statistically significant differences were found in the mean concentrations of total phosphorus, phosphates, potassium, and calcium in the water of small ponds with catchment areas used for various purposes. Small ponds whose catchment areas represent a mixed type (AL/FA) were most abundant in phosphorus compounds and potassium. 3. As regards the abundance of nitrate nitrogen, ammonia nitrogen, and potassium, two statistically significantly different groups were distinguished: 1-winter, 2-summer, fall, spring. The highest concentrations of nitrogen compounds, potassium, and calcium in the water of small ponds were recorded in the winter. This resulted from the lack of nutrient uptake by plants in the catchment area over winter, and/or from the utilization of nutrients stored in bottom sediments of the water bodies.
